Mechanistic role of NS4A and substrate in the activation of HCV NS3 protease.
Hepatitis C virus (HCV) NS3 protease is the key enzyme for its maturation. Three hypotheses have been advanced in the literature to demonstrate the mechanism of the activation of the HCV NS3 protease. A virus-encoded protein NS4A and substrate are proposed to be involved in the activation of the HCV NS3 protease. However, the three hypotheses are not completely consistent with one another. Multiple molecular dynamics simulations were performed on various NS3 protease systems: free NS3 protease, NS3/4A, NS3/inhibitor, and NS3/4A/inhibitor complexes, to further unravel the mechanism of the activation of the NS3 protease. Simulation results suggest that the binding of NS4A induces a classic serine protease conformation of the catalytic triad of the NS3 protease. NS4A rearranges the secondary structure of both the N-terminus and catalytic site of the NS3 protease, reduces the mobility of the global structure of the NS3 protease, especially the catalytic site, and provides a rigid and tight structure, except for the S1 pocket, for the binding and hydrolysis of substrates. The binding of substrate also contributes to the activation of the NS3 protease by an induced-fit of the classic serine protease catalytic triad. However, the global structure of the NS3 protease is still loose and highly flexible without stable secondary structural elements, such as helix α0 at the N-terminus and helix α1 and β-sheet E1-F1 at the catalytic site. The structure of the NS3 protease without NS4A is not suitable for the binding and hydrolysis of substrates.